Background: In North America, opioid use has become a public health crisis with policy makers declaring it a state of emergency. Opioid substitution therapy (OST) is a harm-reduction method used in treating opioid use disorder. While OST has shown to be successful in improving treatment outcomes, there is still a great degree of variability among patients. This cohort of patients has shifted from young males using heroin to a greater number of older people and women using prescription opioids. The primary objective of this review is to examine the literature on the association between the first exposure to opioids through prescription versus illicit use and OST treatment outcomes. Method: An electronic search will be conducted on the EMBASE, MEDLINE, PsycINFO, and Cumulative Index to Nursing and Allied Health Literature (CINAHL) databases. Two independent reviewers will conduct the initial title and abstract screenings using predetermined criteria for inclusion and exclusion. Reviewers will then conduct full-text data extraction using a pilot-tested data extraction form in duplicate. A third author will resolve disagreements if consensus cannot be reached. Quality and risk of bias assessment will be conducted along with a sensitivity analysis for all included studies. Qualitative summary of the evidence will be provided, and when possible, a meta-analysis will be conducted, along with heterogeneity calculation. The reporting of this protocol follows the PRISMA-P. Discussion: We expect that this review will help determine whether patients that were initially exposed to opioids through a prescription differ in OST treatment outcomes in comparison to people who used opioids through illicit means. We hope that this review will provide evidence related to prescription opioids exposure and future treatment outcomes, which will aid clinicians in their decisions to prescribe opioids or not for specific populations at risk. Systematic review registration: PROSPERO CRD42017058143
Background

Rationale
The global opioid crisis is marked by a striking 32 to 36 million individuals who used opioids worldwide [1] . Illicit opioid use is associated with an increased risk of infections such as HIV and hepatitis C, dependency, poly-substance use, psychiatric comorbidity, criminal activity and death [2] [3] [4] . Opioids are now the primary cause of drug-related deaths in North America, with a 200% increase in the number of opioid-related deaths since 2000 [5] . Regular use of opioids can result in opioid use disorder (OUD), a chronic psychiatric disorder characterized by loss of control over the drug use, behavioural and psychological symptoms related to drug use and impairment in normal function of the affected individuals [2] . Treatment of OUD also takes an economic toll on the healthcare system [6] . The increased misuse of prescription opioids has contributed to these rising numbers of opioid use and its related consequences [5] . Historically, many individuals were first introduced to opioids through recreational drugs such as heroin [7, 8] . However, recent opioid use patterns have contributed to a demographic shift in which individuals developed OUD after being exposed to opioids by means of prescription drugs such as fentanyl, codeine, or oxycodone [9, 10] . Today, Canada is the world's second highest consumer of prescription opioids after USA [11] .
Currently, opioid substitution therapy (OST) is used to treat OUD. OST is a harm reduction treatment that aims to limit adverse risks and events associated with illicit opioid use [12] . This entails the prescription of longer-acting opioids with less euphoric effects in order to minimize cravings and prevent withdrawal symptoms [12, 13] . The most commonly used opioid substitutes are methadone, buprenorphine, naltrexone and suboxone® (a combination of buprenorphine and naloxone) [12] [13] [14] . OST has a positive impact on OUD including a variety of social and health-related factors, such as a decline in the use of illicit substances, unemployment, HIV prevalence, criminal activities and mortality [2, 13, 15] . OST has also demonstrated improved social functioning and treatment retention [13] [14] [15] . However, while OST has demonstrated some success in managing OUD, there is still a great degree of variability in treatment outcomes [4] .
This variability in treatment outcomes may be partially explained by a shifting OST population resulting from changes in the way in which an individual is first introduced to opioids. A recent study estimated that 52% of women and 38% of men are seeking treatment for OUD having first been exposed to opioids through a prescription [9] . Previous research demonstrates that patients in treatment for OUD were mainly young adult males, around 20 years of age, who injected heroin [8, 9, 16] . However, the patients receiving OST today are older and have a greater number of women [10, 17, 18] . This demographic shift warrants new investigation, as past research many no longer apply to this population.
Studies that look at the relationship between patients who initially started misusing opioids through a medical prescription and OST outcomes present conflicting findings. Some studies show that those in buprenorphine treatment that have misused prescriptions only have better treatment retention in comparison to people who have misused heroin [19] while other studies demonstrate that those that have misused prescriptions only do not differ in treatment retention from those misusing illicit opioids such as heroin [20] .
The relationship between prescription opioids and OST outcomes may also be affected by physical health status. Opioids have become one of the most commonly used medications for pain in North America due to their analgesic effects [21] . Given the high prevalence of comorbid pain in the OUD population, it has been suggested that the chronic pain population is at risk for an increased likelihood to misuse prescription opioids [21] [22] [23] .
It remains unclear, however, as to whether an association between initial exposure to opioids through a medical prescription and OST outcomes exists and if confounding variables heavily influence this relationship. Conducting a systematic evaluation of the literature on this topic is essential and can identify factors influencing treatment outcomes that may be overlooked in individual studies. We hypothesize that patients that were exposed to opioids through a prescription will have a different response to OST as defined by illicit opioid use and treatment retention.
Objectives
The aim of this systematic review is to synthesize and appraise the existing literature on the effects of initial exposure to opioids by prescription compared to those introduced through illicit opioid substitution therapy treatment outcomes in patients diagnosed with opioid use disorder.
Specifically, the study objectives are:
1. Summarize the literature examining the association between exposure to opioids through a medical prescription and OST outcome (primary: illicit opioid use, secondary: treatment retention and polysubstance use). 2. If possible, combine study findings in a metaanalysis comparing the OST treatment outcomes of those that were initially exposed to opioids through a legitimate prescription and those that were introduced through illicit means. 3. Conduct subgroup analyses based on age, sex, country and method of OST treatment outcome measurement.
Methods
Eligibility criteria
This review will consist of published observational cross-sectional and cohort studies and randomized control trials (RCTs) examining the association between opioid prescription misuse and OST outcomes. These studies may have been conducted in different settings including hospital, outpatient or community-based. Primary studies will include the main exposure to opioids through a prescription and OST treatment outcomes.
The included studies will be comparing those introduced to opioids through a legitimate prescription and those introduced through illicit means. The individuals that began their use through a prescription not prescribed to them will be in the group of those that obtained opioids through other means (i.e. a family member, street or friend) as this can be defined as illicit use. There will be no age, sex, language or type of study population restrictions.
Studies will be excluded if they do not assess at least one of the primary or secondary outcomes of interest detailed below. Most of the research on OST treatment outcomes study the current type of opioid misuse (i.e. street drugs or prescription) and fail to identify the method of initial exposure to opioids. As such, these studies will be omitted from our analysis, as it will not be possible to make conclusions pertaining to the primary exposure of interest and the association with OST results. In addition, studies investigating patients in OST for other reasons apart from treatment of OUD will also be omitted.
Outcomes and prioritization
The primary study outcome, illicit opioid use, will be used to determine the effectiveness of the OST and may be quantified in various ways such as urine toxicology or self-reports as provided in the primary studies. Secondary outcomes will include treatment retention and polysubstance use. Treatment retention may be quantified as ratio of people who are still in treatment at the time the study completion or average period of time in treatment. Poly-substance use may be measured in similar ways to illicit opioid use (i.e. urine toxicology, self-reports).
Information sources
In order to identify the relevant articles that will be used in the review, a health sciences librarian (SS) was consulted to develop a search strategy. The databases to be searched from inception are EMBASE, MEDLINE, PsycINFO, and Cumulative Index to Nursing and Allied Health Literature (CINAHL). Articles will be identified using search terms related to prescription opioids and opioid use disorder together with their medical subject headings (MeSH) in different combinations (Table 1 ). An in-depth search will be carried out comprising of keywords found in the title, and abstract fields. To ensure that unnecessary restrictions on the search findings are avoided, the study findings will not be included in the search strategy. The searches will be restricted to studies conducted in human research participants. Gray literature will be searched using ProQuest Dissertations as well as the Theses Worldwide database. Lastly, a comprehensive hand search of reference lists of the relevant articles will be carried out to identify additional articles that may not have been captured in the original search.
Search strategy Study records
Data management Articles identified by the search strategy will be uploaded to an online platform known as Google Forms. Google Forms will allow for management of the articles and will also allow the authors to collaborate simultaneously. The review team will be provided training on how to use Google Forms prior to the commencement of the study to ensure calibration of the forms and the data abstraction methods. A pilot of 20 studies will first be carried out to calibrate the study forms and assess level of agreement.
Selection process Two independent reviewers will carry out the title and abstract screening in duplicate to identify appropriate articles using previously established criteria. Eligible articles will then undergo full-text review in duplicate. Disagreements will be resolved by discussion and consensus, and in cases were no resolution is reached, a third author will be consulted. During each stage of screening, a kappa statistic will be used to establish inter-rater agreements. Exceptional agreement between reviewers will be demonstrated as a kappa value of at least 0.75 [24] . In cases were additional clarification is needed, the primary study authors will be contacted to help determine eligibility. The preferred reporting items for systematic reviews and meta-analyses (PRISMA) [25] flow diagram will be used when reporting the full systematic review.
Data collection process Independent reviewers will retrieve the data using a previously piloted data extraction form in duplicate (see Additional file 1). To ensure standardization, consistency among reviewers will be addressed by assessing completed pilot data extraction forms.
Data items For included data items, please see Additional file 1. The information to be retrieved by the reviewers will consist of details of the publication such as name of the first author, year of publication, journal and country of publication; research design that was used; demographics of the research participants; type and method of measuring opioid exposure (i.e. medical prescription or illicit); OST outcome measures; overall findings of the study and the study statistical results. In the case of missing data for any study, the authors will be contacted.
Risk of bias
The risk of bias will be appraised using the modified Newcastle-Ottawa Scale (NOS) [26, 27] to appraise the likelihood of bias in studies that are mainly observational in nature. This modified scale comprises seven questions that assess bias in four realms: choice bias, performance bias, identification bias and information bias. Risk of bias is quantified on a scale 0 to 3 where 0 is high risk and 3 is low risk. The modified model has eliminated items concerning the comparability of groups. To assess risk of bias in RCTs, we will use the Cochrane Collaboration tool which will look at six domains including selection bias, reporting bias, attrition bias, performance bias, detection bias and other biases [28] . These results will be displayed in a table to facilitate easy comparison between the quality of studies included in this review.
Data synthesis All included studies will be appraised with a qualitative summary, and then if possible, a metaanalysis will be undertaken. Our primary analysis will compare treatment outcomes for patients that initiated opioid use by prescription (and continue to use prescription opioids) to those patients that started using opioids through illicit means. If studies further report that the patients who initially began through prescription have transitioned to using non-prescription opioids (or both), we will conduct a sensitivity analysis by removing these studies to determine whether it has an effect on the outcomes. Studies will be merged in a meta-analysis depending on the similarity between design of the study and the measurements of the outcomes. Depending on the design of the research, direct estimates will be pooled separately as pooling data from observational studies as well as RCTs is not advisable [29] .
To account for the anticipated heterogeneity in the included studies, a random effect model for the metaanalysis will be used. This model takes both within-study and between-study variance into consideration to offer a modest estimate in comparison to a fixed-effect model. The outcomes will be featured on a forest plot. Moreover, a sensitivity analysis might also be carried out to compare the outcomes of the studies with high or low risk of bias.
Heterogeneity will be computed among the pooled articles through the use of I 2 statistic. It is recommended that cut-off values are not enforced since the significance of heterogeneity relies on a variety of factors, although Cochrane has recommended that a value of < 40% might not signify a noteworthy amount of heterogeneity [29] . Therefore, likely sources of heterogeneity are going to be evaluated as long as there is an I 2 statistic > 40%. In this case, subgroup analyses will also be conducted.
Some of the likely sources of heterogeneity include age, sex, types of opioids and outcome measurements. These are going to be examined through the use of subgroup analyses. We also plan to conduct a subgroup analysis if possible examining the differences in treatment outcomes for individuals who obtained opioids through different sources (i.e. street, family members, friend).
Meta-bias Egger's plot will be created to assess the likelihood of publication bias in the included articles.
Confidence in the cumulative evidence The grading of recommendations, assessment, development and evaluation (GRADE) framework will be used to assess the quality of the evidence [30] . This scale evaluates evidence based on five realms: risk of bias, publication bias, consistency, directness and accuracy.
Presenting and reporting of the study results This systematic review will be reported in compliance with PRISMA reporting guidelines [25] . A flow diagram will be used to demonstrate the selection of studies including reasons for exclusion. The present protocol follows the preferred reporting items for systematic review and meta-analysis protocol (PRISMA-P) guidelines which is attached (see Additional file 2) [31] .
Discussion
Using the evidence obtained from this systematic review, we expect to draw conclusions regarding the presence of an association between being exposed to opioids through a medical prescription and opioid substitution therapy outcomes. Examining the current literature in a systematic way will allow us to summarize existing findings on this topic and to critically appraise the risk of bias and methodological quality of these studies. The present literature primarily focused on the cohort of patients that were exposed to opioids through illicit means and little is known about the cohort of patients that started misusing opioids after using a prescription. This new shift in demographic profile of opioid users and the predominance of prescription opioid use over heroin in different parts of the world including Canada and the USA, the highest opioid-consuming countries in the world, warrants a detailed examination of the literature.
Given the rise of prescription opioid use in Canada and the USA, it is important that we evaluate factors that may affect the effectiveness of opioid substitution treatment for this cohort of patients.
Additional files
Additional File 1: Data extraction form in. This form includes all the information we intend to extract from the included studies. (PDF 54 kb) Additional File 2: PRISMA-P checklist. These are the guidelines that this protocol was reported by. (PDF 92 kb) Abbreviations GRADE: Grading of Recommendations Assessment, Development and Evaluation; NOS: Newcastle-Ottawa scale; OST: Opioid substitution therapy; OUD: Opioid use disorder; PRISMA-P: Preferred reporting items for systematic review and meta-analysis protocols; PRISMA: Preferred reporting items for systematic reviews and meta-analyses; RCT: Randomized control trials
